Focus on T.R.U.E. Test Allergen #4:

Chromates

BY SHARON E. JACOB, M.D., AND ANTOINE AMADO, M.D.
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he thin-layer rapid use epicutaneous (T.R.U.E.) test of 23
T common allergens is a valuable, first-line screening tool

used by many dermatologists. Although the test focuses on
common allergens, frequent questions have arisen from
colleagues and patients as to where a specific allergen is derived
or what products patients should avoid. With this in mind, this
column was developed to provide educational information about
the TR.U.E. test allergens.

A rich, interesting history accompanies each of the 23

»

Sharon E. Jacob, M.D  allergens, and understanding these historic perspectives can
help to better educate patients. Each column will also highlight
appropriate products that patients should avoid when they are allergic to a specific

allergen.

CONTACT DERMATIDES

Allergic contact dermatitis is an
important disease with high impact both
in terms of patient morbidity and eco-
nomics. The contact dermatides include
irritant contact dermatitis, contact
urticaria and allergic contact dermatitis.

Irrvitant contact dermatitis, the most
common form, accounts for approxi-
mately 80% of environmental/occupa-
tional-based dermatoses.

Contact wurticaria (wheal and flare
reaction) represents an IgE and mast cell-
mediated immediate-type hypersensitiv-
ity reaction that can lead to anaphylaxis;
the foremost example of this would be
latex protein hypersensitivity.

While this is beyond the scope of this
section, we acknowledge this form of
hypersensitivity due to the severity of
the potential reactions and direct the
reader to key sources."?

Allergic contact dermatitis, on the
other hand, is a delayed type IV hyper-
sensitivity reaction that has high impact
both in terms of patient morbidity and
economics. The primary focus of this
section is to highlight the educational
component of allergic contact dermatitis.

CLINICAL ILLUSTRATION

We report a case of a female patient
with a known allergy to costume jewel-
ry and a worsening dermatitis on her
neck who presented to the Contact
Dermatitis Clinic at the University of
Miami for evaluation. She had been told
she probably had an allergy to nickel, but
she wanted to have this confirmed by a
definitive test.

THE HISTORY OF CHROMIUM

In 1761, J.G. Lehmann found an
the Ural
Mountains, which he named “Siberian
red lead”; this material was in fact lead
chromate (PbCrO,, crocoite). It wasn’t
for another 37 years until the French
chemist L. N.Vauquelin isolated elemen-

orange-red mineral in

tal chromium from the crocoite mineral.’
This same chemist, through the analysis
of a Peruvian emerald, discovered that
the gem’s green color was a result of the
presence of this new element.
Chromium is a blue-white metal that
is hard, brittle and very resistant to cor-
rosion. The sixth most abundant element
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TABLE |

CHROMIUM COMPOUNDS & INDUSTRY **

AUTOMOTIVE INDUSTRY
Zinc Chromate (Primer Paints)

Chromic Nitrate

MAGNETIC TAPES

Chromium Dioxide

MILK TESTING LABORATORIES

Potassium Dichromate

PHOTOGRAPHY

Sodium and Potassium Dichromate
Chromium Phosphate Chromate

RAILROAD INDUSTRY (DIESEL LOCOMOTIVE)

Sodium Dichromate

SURGICAL SUTURES

Ammonium Dichromate (Catgut)
Potassium Dichromate (Silk)

LEATHER TANNERY

Chromic Acid
Chromium Potassium Sulfate

TV COLOR SCREENS

Ammonium Dichromate

WELDING INDUSTRY

Chromium Oxide

WOODWORKERS
Chromated Zinc Chloride

in the earth’s crust,’ and is found in
combination with other elements (only
meteorites contain free chromium).’ The
name chromium was derived from the
Greek word “chroma”, which means
color in reference to the many colored
compounds displayed by it.

Chromium is mined as chromite
(FeCr,O,) ore. Roughly half the world’s
chromite is found in southern Africa
(mainly Zimbabwe). An estimated 15
million tons of marketable chromite ore
were produced in 2003.*

HOW CHROMIUM IS USED

Chromium has many uses, which have
evolved over the years. During the
1800s, chromium was primarily used as a
component of paints, but now the met-
allurgical industry uses about 91% of the
chromium consumed in the United
States. The remaining 5% and 4% is con-

sumed by the chemical and refractory
industries, respectively.*

In many countries, chromium is a
major ingredient in cement, which has
resulted in cement exposure as a major
cause of ACD. Construction workers and
bricklayers have an increased risk of
developing chromium allergy.”

During cement manufacture, hexava-
lent chromium (Cry) is formed from the
trivalent chromium (Cr;) present in the
raw material from which cement is pro-
duced. Hexavalent chromium better
penetrates and accumulates in the skin
than its trivalent counterpart. Cry, and to
a much lesser extent Crj, are sensitizing
agents capable of producing ACD.’

Since 1981, Denmark (and subse-
quently other European countries) has
added ferrous sulfate to cement, a process
that reduces Cr, to Crs, effectively
decreasing allergic potential.® With the
reduction in allergy from cement, leather
shoe products have become an impor-
tant source of chromium exposure and
subsequent allergy in those countries.’

Currently, no requirements exist to
mandate that U.S. cement contain ferrous
sulfate. Additionally, there’s financial resist-
ance to changing the way cement is made
in the United States. The cost of U.S.
cement would escalate with the addition
of ferrous sulfate and cause the current
chromium material consumption to
exceed the current $264 million a year.®

Second, when ferrous sulfate is added
and the cement isn’t used soon (prevalent
in the United States due to extended
transport times), spontaneous oxidation
and inactivation of the ferrous ion occurs.

Last, concerns exist about possible
effects on the structural integrity of fin-
ished concrete (durability problems).”

As carly as 1820, with potassium
dichromate being widely used as a mor-
dant (fixing agent) in dyed textiles, skin
reactions to chrome became apparent.®

In 1925, Dr. Parkhurst first reported a
positive chromium patch test in a blue-
prints processor. Since then, chromium
allergy cases have surfaced, ranging from
occupational contact in a lithographer
(1931); an aircraft mechanic during
World War II; cement workers (1950);
and in magnetic tape handlers and cellu-
lar phone workers, 1977 and 2003,
respectively.®’

TABLE 2
FOODS HIGH IN CHROMIUM **

Apple Peel

Beer (Brewer’s Yeast)*

Black Pepper*

Broccoli

Canned Fruits* (Plums)

Chicken Eggs*

Cloves™*

Frozen or Canned Vegetahles* (Frozen Peas)
Green Beans

High-Bran Cereals

Processed Meats* (Beef)

Mushrooms

Onions

Potatoes

Seafood* (Oysters, Mussels, Clams, Cockles)
Thyme*

*May contain up to 200 mcg Cr/kg

Of interest, inhabitants of billiard
houses, such as professional gamblers,
roulette buffs and card players, were par-
ticularly at risk for what is known as
“Blackjack Disease”. This 1s a dermatitis
caused by exposure to chromium salts
used for dying the green felt that covers
the gambling tables."

The industrial uses for chromium are
quite extensive, in addition to the afore-
mentioned utilities. Chromium is also
used in anti-corrosives, chrome plating
(decorative and hard plating), ceramics,
explosives, wood preservatives, and pig-
ments (paints, varnishes).” Additional uses
for chromium vary widely from suture
materials (chromated catgut), shaving
cream (chromic acid may be added to
prevent rusting of razor blades), cosmet-
ics, green tattoos, acupuncture needles
(Cr content 18.12%), medical prosthetics
such as artificial knees and hips (which
may contain up to 20% Cr) and metal
wire in orthodontic materials.'"*

Food and smoking are other signifi-
cant sources of chromium exposure. The
amount of chromium in the U.S. diet
ranges from 25 to 224 mcg/d (mean 60
to 79 mcg/d).” Notably, multivitamins
on average contain 15 to 200 mcg.

Chromium levels are higher in canned
foods stored in unlacquered welded cans
than lacquered welded cans.” In this
same way, chromium has been reported
to leach into wines from green colored
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bottles,* and during storage in stainless
steel tanks.*

Concentrations of chromium in
tobacco range from 0.24 to 14.6 mg/kg,
but the amount of chromium absorbed
into the body as a result of smoking is
not known.’

Clinically, reactions to chromates tend
to be insidious, persistent and relapsing.”
Once chromate sensitivity has been
established, the

become more severe, more extensive, and

dermatitis tends to
takes longer to clear with each expo-
sure.” Therefore, patients have a greater
tendency toward dryness, fissuring and
lichenification.” The valence and amount
of chromium (dose) are important factors
for sensitization development.

The interplay between mankind’s
industrialization and planetary balance is
seen 1n increased exposure to chromium.

In urban areas, the chromium content
in the air average 0.01 to 0.03 mcg/m’,
with fuel combustion and metal produc-
tion as leading sources.

Very high concentrations of chromi-
um in soil may result from the deposi-
tion of chromium-containing commer-
cial products in areas such as landfills.?

In U.S. drinking water, the mean value
concentration  of  chromium s
1.8 mcg/L (average 0.4 to 8 mcg/L),
which i1s about six-fold higher than the
mean chromium level in sea water. In
this being said, the major source of
chromium in aquatic systems is domestic
wastewater effluents.’

TESTING FOR CHROMATE SENSITIVITY

Patch testing for chromate allergy can
be accomplished with the TR.U.E. test
[site # 4]. The TR.U.E test recognizes
only 23 of the more than 3,700 possible
allergens that can cause allergic contact
dermatitis. Therefore, it needs to be
known that this test is a mere screening
tool that could be used by general der-
matologists everywhere.

Unfortunately, we are faced with
important workforce economics. There
are roughly 14,500 U.S. members of the
American Academy of Dermatology, and
many of these dermatologists serve
remote locations. In contrast, there are
approximately 450 members of the
Allergic Contact Dermatitis Society
(www.contactderm.org). This translates

An allergic reaction to chromate. This type of allergy is often persistent and relapsing.

to one comprehensive patch tester to
every 33 dermatologists, if the distribu-
tion was evenly cast, which is not the
case. So, in geographic areas with limited
access, the TR.U.E. test should be recog-
nized and utilized as a basic, necessary
screening tool and its limitations under-
stood.

The American Contact Dermatitis
Society (ACDS) recognizes the need for
comprehensive patch testing support.
The ACDS is actively engaged in main-
taining access to this important testing
modality by training new providers
(ACDS-Fujisawa mentorship program)
and providing patient education materi-
als through the Contact Allergen
Replacement Database (CARD).

THE VALUE OF THIS PATIENT CASE

Our patient with allergy to chromates
underscores the importance of appropri-
ate patch testing and subsequent patient
education.

The presence of chromates in such a
wide variety of products makes it an
especially common, difficult to avoid,
contactant in daily activities.

The patient began a chromium restric-
tion regimen, which included discontin-
uing leather goods, costume jewelry, and
multi-vitamins. With this, the patient dra-
matically improved, consistent with the
fact that the mainstay of treatment for
allergic contact dermatitis is avoidance. ll

Dr. Jacob is the Director of the Contact
Dermatitis  Clinic at the University of
Miami. She’s also an Assistant Clinical
Professor in the Department of Dermatology
and Cutaneous Surgery.

Dr. Amado is the Contact Dermatitis
Fellow at the Cleveland Clinic, Ohio.

References:
1.Valks R, Conde-Salazar L, Cuevas M. Allergic

contact urticaria from natural rubber latex in
healthcare and non-healthcare workers.
Contact Dermatitis. 2004; 50(4): 222-4.

2. Warshaw E. Latex allergy. Skinmed. 2003
Nov-Dec;2(6):359-66.

3. Barceloux DG. Chromium. J Toxicol Clin Toxicol.
1999;37(2):173-94.

4. http://www.chromium-asoc.com.
Accessed on July 19, 2005.

5. Barre Hansen M, Rydin S, Menne T, Duus
Johansen J. Quantitative aspects of contact allergy to
chromium and exposure to chrome-tanned leather.
Contact Dermatitis 2002;47:127-34.

6. http://minerals.usgs.gov/minerals/pubs/
commodity/chromium/chrommes05.pdf.
Accessed in August 2005.

7. http://www.cdc.gov/elcosh/docs/d0400/
d000457/d000457.html#4. Accessed on
July 14, 2005.

8. Burrows SD, Adams RM, Flint GN. Metals.

In: Adams RM., editor. Occupational skin disease.
3rd ed, WB Saunders Company, USA, 1999;
399-409.

9. Seishima M, Oyana Z, Oda M. Cellular phone
dermatitis with chromate allergy. Dermatology
2003;207(1):48-50.

10. Fisher AA. “Blackjack disease” and other
chromate puzzles. Cutis 1976;18(1):21-22,35.

11. Fisher AA. Contact dermatitis and other
reactions to metals: Chromate. In: Rietschel RL,
Fowler JE Jr, eds. Fisher’s Contact Dermatitis. 5th ed,
Lippincott Williams & Wilkins, USA, 2001;618-25.

12. Tanii T, Kono J, Mizuno N, Fukuda M, Hamada
T. A case of prurigo pigmentosa considered to be
contact allergy to chromium in a acupuncture
needle. Acta Derm Venereol 1991;71:66-7

13. Kanerva L, Forstrom L. Allergic nickel and
chromate hand dermatitis induced by orthopaedic
metal implant. Contact Dermatitis 2001;44:103.

14.Veien Nk, Borchorst E, Hattel T, Laurberg G.
Stomatitis or systemically-induced contact dermatitis
from metal wire in orthodontic materials.

Contact Dermatitis 1994;30(4):210-3

15. Fisher AA. The Cromates: Causes of Industrial
Allergic Contact Dermatitis. Cutis 1983;32(1):24,
32-33.

16.Jorhem L, Slorach S. Lead, chromium, tin, iron
and cadmium in foods in welded cans. Food Addit
Contam. 1987;4(3):309-16.

Disclosure: The authors have no conflict of interest
with any subject matter discussed in this month’s
column.

NovEMBER 2005 SKIN & AGING 23




